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ABSTRACT
	 ����Introduction: Polypodium Leucatomos Extract (PLE) is a recognized topical and oral 

photoprotective agent that adds biological protection to physical and chemical filters. 
	� Objective: To evaluate the efficacy of an SPF 90 sunscreen containing physical and che-

mical filters, and PLE in reducing sun damage when compared to the same formulation 
but without the presence of PLE. 

	 �Methods: Ten volunteers were included, each representing 4 areas (non-irradiated skin; 
irradiated and unprotected skin; irradiated and protected with sunscreen not containing 
PLE; irradiated and protected with sunscreen containing PLE) exposed to solar radiation. 
Colorimetric evaluations of erythema and pigmentation were performed. Samples were 
collected for histopathology. 

	 �Results: The area treated with PLE-containing SPF 90 sunscreen, compared to the suns-
creen of the same formulation but without the presence of PLE, showed lower intensity 
of erythema and pigmentation, lower generation of sunburn cells, p53, and MMP-1, and 
higher CD1-a cell positivity (lower Langerhans cell depletion). 

	� Conclusions: The association of Polypodium Leucatomos Extract with physical and 
chemical filters is effective in reducing the damage caused by solar radiation. The presence 
of EPL in the formulation contributed to the reduction of damage when compared to the 
formulation without the active.

	 �Keywords: Sunscreens; Polypodium; Solar radiation

RESUMO
	���� Introdução: O extrato de Polypodium leucatomos (EPL) é um reconhecido agente de ação fotopro-

tetora tópica e oral, que adiciona uma proteção biológica aos filtros físicos e químicos. 
	� Objetivo: Avaliar a eficácia de um fotoprotetor de FPS 90, contendo filtros físicos, químicos e EPL 

na redução dos danos decorrentes da radiação solar, quando comparado à mesma formulação, mas sem 
a presença do EPL. 

	 �Métodos: Dez voluntários foram incluídos, cada um representando quatro áreas (pele não irradiada, 
irradiada e não protegida, irradiada e protegida por fotoprotetor sem e com EPL) expostas à radiação 
solar. Avaliações colorimétricas de eritema e pigmentação foram realizadas. Amostras foram coletadas 
para histopatologia. 

	 �Resultados: A área tratada com o protetor solar de FPS 90 contendo EPL apresentou, comparati-
vamente ao protetor solar de mesma formulação, mas sem a presença de EPL, menor intensidade de 
eritema e pigmentação, menor geração de sunburn cells, p53 e MMP-1 e maior positividade de células 
CD1-a (menor depleção das células de Langerhans). 

	� Conclusões: A associação de extrato de Polypodium leucatomos aos filtros físicos e químicos demons-
trou ser eficaz na redução dos danos causados pela radiação solar. A presença do EPL na formulação 
contribuiu para a redução dos danos, quando comparada à formulação sem o ativo.

 	 Palavras-Chave: Protetores solares; Polypodium; Radiação solar
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INTRODUCTION
Solar radiation is capable of triggering acute or chro-

nic harmful effects to the skin.1 The mechanisms of sun damage 
result from the absorption of solar energy by different chro-
mophores in the skin, such as melanin, DNA, RNA, proteins, 
aromatic amino acids such as tyrosine and tryptophan, and uro-
canic acid, among others. Absorption of solar radiation by the 
chromophores generates different photochemical reactions and 
secondary interactions, involving reactive oxygen species that 
result in harmful effects in the presence of excessive exposure. ¹

The four principal mechanisms of sun damage are: di-
rect damage to the keratinocyte’s DNA, generation of reactive 
oxygen species (ROS), suppression of innate cell immunity via 
depletion of Langerhans cells (photoimmunosuppression), and 
increased melanin production (melanogenesis).¹

DNA is one of the principal targets of solar radiation. 
The pyrimidines undergo photochemical modifications resul-
ting in cyclobutane dimers and other byproducts, which are 
repaired physiologically by specific enzymes. This system is ef-
fective. However, excessive solar exposure can make this repair 
less efficient.2 The spectrum of solar radiation capable of directly 
damaging DNA is ultraviolet radiation B (UVB).2

A second protective mechanism against the alterations 
to nuclear DNA is the apoptotic mechanism, by which dama-
ged cells undergo activation of a self-destructive mechanism 
(apoptosis), thus avoiding the generation of new damaged cells. 
The principal gene involved in the apoptotic mechanism resul-
ting from solar radiation is p53.3 The apoptotic cells (also called 
“sunburn cells”) can be observed soon after exposure to UVB 
radiation.2

When DNA repair or apoptosis mechanisms are not suf-
ficient to avoid generation of new damaged cells, the carcino-
genic mechanism is initiated and can result years later in skin 
cancer lesions, particularly non-melanoma skin cancer.3,4

The photochemical reactions have important effects on 
the human skin, depending on the wavelength and amount of 
energy. The natural consequence of photochemical reactions is 
the generation of reactive oxygen species, highly reactive mo-
lecules capable of damaging cellular and extracellular structures 
such as fibroblasts, collagen, elastin, and glycosaminoglycans. The 
principal triggering pathway for oxidative alterations in colla-
gen is via proteinases such as matrix metalloproteinases (MMPs), 
particularly MMP-11.

The epidermis and dermis undergo chemical and his-
tological alterations following persistent solar exposure, which 
favors the accelerated emergence of wrinkles roughness, dryness, 
telangiectasias, and irregular pigmentation, all clinical manifesta-
tions of photoaging. All ranges of solar radiation are capable of 
generating ROS: ultraviolet A and B (UVA and UVB), visible 
light (VL), and infrared (IR)1.

Another cellular effect of solar radiation, particularly of 
UV radiation, is its capacity to reduce cell immunity, basically by 
reducing the number and activity of the Langerhans cells, with 
an impact on the capacity to respond to external agents such as 
viruses and also internal agents like neoplastic cells. Clinically, 

the potential effects of photoimmunosuppression include the 
appearance of infectious dermatoses such as herpes simplex and 
contribution to the development of neoplastic lesions.5

The skin’s pigmentation is a photo-adaptive protective 
mechanism against the harmful effects of solar radiation and 
results from the oxidation of melanin in keratinocytes or the 
production of new melanin by melanocytes. Both mechanisms 
depend essentially on the individual’s phenotypical characteristi-
cs (skin type), and time of exposure to solar radiation, with UVA 
radiation and visible light as the most effective in the production 
of immediate and persistent pigmentation.6

Regular use of sunscreens (photoprotectors) is conside-
red an essential measure for reducing the harmful effects of solar 
radiation.7

Photoprotectors act essentially via organic and inorganic 
filters, molecules or particles capable of reflecting, dispersing, or 
absorbing the radiation striking the skin surface and thus inhi-
biting its penetration into the epidermal and dermal layers.8,9

The mechanism by which sunscreens act depends essen-
tially on the formation of a homogeneous film on the skin’s surfa-
ce, and they are thus highly susceptible to insufficient applications 
in terms of the recommended form, frequency, or quantity.10,11

More recently, active ingredients with biological photo-
protective action have been proposed. These active ingredients, 
rather than interacting directly with the incident radiation, act 
via biological mechanisms protecting against (or reducing) the 
radiation’s effects on the cell structures and minimizing its har-
mful effects.1

These agents include Polypodium leucotomos extract, a plant 
extract resulting from a standardized extraction process from a 
fern species present especially in Central American countries.12

The indexed international literature includes more than 
70 publications on the photoprotective effects of Polypodium leu-
cotomos extract, demonstrating its biological effect via topical or 
oral use, involving, among other mechanisms, the reduction of 
cellular DNA damage, antioxidation, protection of Langerhans 
cells, and reduction of melanogenesis.12,13,14,15,16,17

The current study’s objective was to conduct a compara-
tive assessment of the efficacy of a sunscreen containing Polypo-
dium leucotomos extract and another without PLE in the reduc-
tion of the effects from acute exposure to solar radiation.

METHODS
Study population
The study was approved by the Institutional Review 

Board of the University of São Francisco on November 5, 2018.
The study was conducted from December 3, 2018, to 

February 6, 2019, and included 10 volunteers of both sexes with 
age ranging from 18 and 70 years of age and Fitzpatrick skin 
type III.  

Other criteria for non-inclusion were determined and 
assessed, such as active disease, use of any systemic or local medi-
cation, prior exposure to solar radiation, and clinical alterations 
in the area of the dorsum to be irradiated.
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Study products
The test product was a SPF 90 sunscreen with PLE 

(Heliocare Max Defense SPF 90), commercially available and 
duly registered with the Brazilian National Health Surveillance 
Agency (ANVISA), containing a combination of organic and 
inorganic filters and standardized 0.5% Polypodium leucotomos ex-
tract (PLE).

The comparator product, a SPF 90 sunscreen without 
PLE, was developed especially for the study, containing the same 
combination of organic and inorganic filters as the test product, 
but without PLE.

Source of exposure to solar radiation
The study was performed with a solar simulator (Solar 

Light – USA), adapted to exposure to the full sunlight spectrum 
(UVB, UVA, visible light, and infrared).

Study methodology
The study methodology with regard to the determi-

nation of the minimal erythema dose, irradiation, equipment, 
amount and form of product’s application, and visual reading of 
the erythema adhered rigorously to ISO 24444:2010,18 conside-
red the reference standard by ANVISA for determination of SPF 
for registration of sunscreens in Brazil.19

Before the test itself, it was necessary to determine each 
participant’s minimal erythema dose (MED).

For this, an area on the volunteer’s back was determined 
and exposed to UV radiation in six subsites with doses in geo-
metric progression, with a ratio of 1.12, with a resulting varia-
tion of 12% between each subsite.

Twenty-four hours later, the participants’ MED was defi-
ned as the presence of evident erythema with well-defined con-
tours on the site with the lowest dose of ultraviolet radiation (UV).

After determining the MED, we demarcated the four 
areas in the region on the participant’s back. Figure 1 shows 
how the arrangements of the areas were randomized among the 
participants.

After the areas were demarcated, the products were 
applied on the respective sites, with 2mg/cm2.

After an average drying time of 15 minutes, the areas 
were exposed to UV irradiation in six subsites with dosses in 
geometric progression at a ratio of 1.12, with resulting variation 
of 12% between each subsite.

Importantly, according to ISO 24444:201018, the irradia-
tion doses in the areas protected by the two investigational pro-
ducts was multiplied by the product’s estimated SPF, which was 
90 in this particular case. In other words, the irradiation applied 
to areas A1 and A2 was 90 times higher than area A3. This mea-
sure was necessary to eliminate the photoprotective effect (phy-
sical and chemical filters) from the analysis.

Twenty-four hours after the exposures, readings were per-
formed of the erythema on the exposed areas, after which colo-
rimetry was performed on all the subsites of all the study areas.

Colorimetry was performed with Chromameter CR-
400 (Minolta), and the values for parameters a*, b*, and L* were 
used to determine the individual typology angle (ITAo).

After the colorimetry, material was collected for anato-
mical pathology and immunohistochemical tests, with a sample 
taken in each of the four irradiated areas, in the same subsite, 
defined as the third subsite. The samples were assessed by a spe-
cialized laboratory for the following markers: quantification of 
sunburn cells (apoptosis of keratinocytes and thus DNA dama-
ge), quantification of CD1-A antibody (a marker for Langerhans 
cells), quantification of p53 antibody (marker for DNA damage), 
quantification of MMP-1 antibody (marker for matrix metal-
loproteinases and thus collagen damage), and quantification of 
tyrosinase antibodies (marker of melanogenesis).

RESULTS
Twenty-one participants were screened, of whom 10 

were selected for the study.
Participants’ age ranged from 18 to 55 years, with a mean 

of 32 years.

Instrumental assessment of pigmentation - ITA 
(individual typology angle)

Individual typology angle is a colorimetric parameter 
calculated from the variation in colorimetry parameters b* and 
L*, and determines the skin’s pigmentation, according to the 
following equation:

ITA° = ArcTg [(L – 50)/b] x 180/3,14159

The higher the ITAº, the lighter the skin; thus, in the 
pigmentation process, a decrease in ITAo represents darkening 
of the skin.

Figure 2 shows the treated and control areas with and 
without irradiation.

The three irradiated areas, treated or untreated, showed a 
variation in relation to the non-irradiated area (control). Con-
sidering that area 04 (control) did not receive treatment or irra-
diation, the difference in ITA between the treated areas (A1 and 

Figure 1: Example of the layout of areas on the participant’s back, in which 
A1: skin protected by the test product; A2: skin protected by the control 
product; A3: irradiated and unprotected skin; and A4: non-irradiated and 

unprotected skin.
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A2) and untreated irradiated area (A3) and the control area (A4) 
shows how much the skin was pigmented following irradiation, 
where it was expected that use of the test product (A1) would 
present a greater protective effect against pigmentation than the 
SPF 90 sunscreen product (A2), and that both would present 
less variation than the unprotected area (A3). Thus, the closer to 
zero, the smaller the difference between the irradiated and con-
trol areas, demonstrating less pigmentation of the area.

According to the results, the unprotected irradiated area 
showed a variation in ITA of 3.56 points in relation to baseline 
(non-irradiated area), while the areas protected by the test pro-
duct and the SPF 90 sunscreen varied by 2.51 and 3,04 points, 
respectively.

Table 1 shows the percent variation between the deltas 
of the irradiated areas and the control area without irradiation.

When comparing the area treated with the  test product 
and the unprotected area, the product was 29.67% superior, whi-
le the SPF 90 product was 14.56% superior to the untreated area, 
practically half the response of the product containing PLE, thus 
demonstrating the efficacy of the latter product’s formulation in 
relation to its comparator in inhibiting skin pigmentation follo-
wing exposure to solar radiation.

The difference between the intensity of pigmentation in 
the areas treated with the investigational product and the areas 
treated with the SPF 90 sunscreen without PLE was 17.70%, 
where the test product was more effective in protecting against 
skin pigmentation from solar radiation.

Instrumental assessment of erythema – parameter 
a* of colorimetry

Parameter a* of colorimetry indicates the color spectrum 
between green (negative) and red (positive). Thus, the smaller 
the a*, the lower the redness or erythema of the skin.

Considering that area 04 (control) did not receive treat-
ment or irradiation during the study, the difference in a* between 
the treated areas (A1 and A2) and the control area (A4) demons-
trates the amount of erythema produced by the skin, where the 
investigational product (A1) was expected to present less intense 
erythema than the SPF 90 sunscreen without PLE (A2).

Figure 3 shows the differences between the areas with 
the investigational product (A1) and the SPF 90 sunscreen wi-
thout PLE (A2) and the control area without irradiation (A4).

The difference in the intensity of erythema between the 
treated areas was 6.79%, that is, Heliocare MD 90 resulted in 
6.79% less erythema than the SPF 90 sunscreen without PLE.

Histological assessment of apoptosis – sunburn cell 
count

Keratinocytes are the skin’s principal cell type and thus 
the main target of alterations mediated by different types of stress.

Solar radiation is capable of triggering morphological 
changes in the keratinocyte’s DNA and at the same time promo-
te a mechanism of cell apoptosis as a protective mechanism. The 
apoptotic cells are also called “sunburn cells”. The keratinocytes 
that underwent apoptosis were quantified in the four study areas 
(area protected with the investigational product, area protected 
with SPF 90 sunscreen without PLE, unprotected irradiated 
area, and control area).

Skin samples not protected by either of the test products 
generally displayed more apoptotic keratinocytes per field, while 
the areas protected with the test products showed fewer apopto-
tic cells (Figure 4). 

Figure 5 shows the mean numbers of apoptotic kerati-
nocytes per field and the percent variation between the areas.

The unprotected irradiated area showed the highest ke-
ratinocyte apoptosis rate, 1,600% greater than the control area 
(without irradiation and without protection), demonstrating the 
irradiation’s effect on keratinocyte apoptosis.

Figure 2: Treated and untreated areas with and without irradiation

Figure 3: Difference in a* between the areas treated with the 
investigational product and SPF 90 sunscreen in relation to control area 

without irradiation. n=10

37,80 37,26 36,75

40,31

Mean ITAº (Individual typology angle)

Heliocare Max
defense(A1)

SPF90 
Sunscreen (A2)

Unprotected, 
irradiated(A3)

Control (A4)

Table 1: Comparison of deltas of irradiated areas and control area 
without irradiation (A4). n=10

Areas % Variation

Delta (SPF 90 sunscreen – Control)
Versus

Delta (unprotected irradiated – Control)
-14,56%

Delta (Test product – Control)
Versus

Delta (unprotected irradiated – Control)
-29,67%

Percent variation between areas 17,70%

2,8

2,99

Heliocare MD90 (A1) SPF 90 sunscreen (A2)
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The SPF 90 sunscreen without PLE led to a 53.74% re-
duction in the number of apoptotic cells, demonstrating the ef-
ficacy of the combination of physical and chemical filters in this 
effect. Meanwhile, the investigational product led to a 59.79% 
reduction in the number of apoptotic cells.

The investigational product presented 13.08% fewer 
apoptotic cells than the other sunscreen with the same SPF, de-
monstrating greater effectiveness in protection against cellular 
DNA damage and thus against keratinocyte apoptosis, based on 
the presence of Polypodium leucotomos extract.

Immunohistochemical assessment of p53 expres-
sion (DNA damage)

The p53 protein is expressed in mutated keratinocytes as 
a result of altered nuclear DNA with the generation of cyclo-
butane pyrimidine dimers (CPD), due to due to the action of 
UVB radiation. The expression of p53 antibody is thus a marker 
of cellular DNA damage and consequently of the carcinogenic 
effect of solar radiation. It was expected that the unprotected ir-
radiated area would have the highest p53 antibody rate, and this 
was confirmed, as shown in Figure 06.

The unprotected irradiated area showed 426% higher p53 
antibody expression than the control area (without irradiation 
and without sunscreen), demonstrating the effect of irradiation 
in generating cellular DNA damage and thus p53 expression.

The SPF 90 sunscreen without PLE led to a 69.10% 
reduction in p53 expression, demonstrating the efficacy of the 
combination of physical and chemical filters in this effect. Mean-
while, the investigational product led to a reduction of 75.34% 
in p53 expression.

The investigational product was 20.18% more effective 
than the comparator product in protecting against the genera-
tion of p53 and thus in protecting against carcinogenesis. This 
effect resulted from the presence of Polypodium leucotomos extract 
in the product.

Immunohistochemical assessment of protection 
of Langerhans cells (photoimmunoprotection)

CD1a antibody marks the expression of antigen-presen-
ting epidermal dendritic cells, also known as Langerhans cells. 
Langerhans cells are important elements in innate cell immunity, 
with microbial antigen-presenting action (viruses and bacteria) 
as well as tumor cell antigens. Solar radiation is known to greatly 
reduce the activity or amount of Langerhans cells in the epider-
mis, triggering photoimmunosuppression and facilitating viral 
infections (such as herpes simplex) and reducing immune acti-
vity in protection against tumor cell clonal expansion.

As mentioned, for this antibody, irradiation would be ex-
pected to negatively affect the irradiated skin. We would thus 
observe a decrease in the number of Langerhans cells marked 
with the antibody, which our data confirmed.

Figure 7 shows the mean amounts of CD1a antibody in 
the respective areas.

The results showed that exposure to solar radiation led to 
a 33.89% reduction in CD1a expression, demonstrating a down-
ward effect on Langerhans cells (and thus an immunosuppressive 
effect) from solar radiation.

Unexpectedly, the SPF 90 sunscreen led to a 12.02% 
reduction in CD1a expression, showing that the combination 
of physical and chemical filters was not effective in protecting 

Figure 4: Apoptotic keratinocytes in area protected with the test product 
(AR1) and in the unprotected irradiated area (AR3)

Figure 6: Mean p53 antibody rates and range in areas: protected with the 
test product, protected with the SPF 90 sunscreen, unprotect irradiated, 

and control. n=10

Figure 5: Means and ranges of apoptotic keratinocytes per field in the 
areas: protected with the test product, protected with the SPF sunscreen, 

unprotected irradiated, and control. n=10

Sunburn cell count

A4 (non-irradiated) A4 (non-irradiated)A3 (unprotected, 
irradiated)

A3 (unprotected, 
irradiated)

A2(protected with 
SPF90 sunscreen)

A2(protected with 
SPF90 sunscreen)

A1 (protected with 
Heliocare MD90)

A1 (protected with 
Heliocare MD90)

Volunteer R05 AR1 Volunteer R05 AR3

P53
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against photoimmunosuppression. Meanwhile, the investigatio-
nal product with PLE led to a 33.01% increase in CD1a ex-
pression. We thus observed that the investigational product was 
effective in protecting Langerhans cells from the effects of solar 
radiation.

Comparing the two sunscreens, we found that Heliocare 
SPF 90 was 51.18% more effective in CD1a expression (and thus 
in Langerhans cell expression) than the product with the same 
formulation and same SPF, but without Polypodium leucotomos 
extract.

Immunohistochemical assessment of MMP-1 ex-
pression (damage to collagen and dermal structures)

The samples were marked for matrix metalloproteina-
se-1 (MMP-1), counterstaining the samples with Giemsa. This 
meant that all the melanin in the keratinocytes’ cytoplasm was 
stained green, while the MMP-1 produced by them was stained 
brown (Figure 08).

MMP-1 can be considered a marker for stimulus of col-
lagen damage triggered by oxidative stress factors, in this case re-
sulting from solar radiation. Solar radiation is known to promote 
oxidative stress, triggering increased expression of metallopro-
teinases, including MMP-1. These in turn are known enzymes 
leading to collagen breakdown and resulting in trophic changes 
to the dermis, leading to long- term clinical evidence of skin 
aging, such as wrinkles and skin laxity.

As expected, in the great majority of cases, the areas pro-
tected with the test products presented little or no positivity 
for MMP-1. Meanwhile, the unprotected irradiated area showed 
high positivity for this antibody.

Figure 9 is a graph with the means and ranges of positive 
staining for MMP-1 antibody in the areas protected with He-
liocare Max Defense SPF 90, protected with SPF 90 sunscreen, 
unprotected and irradiated, and control areas.

The unprotected irradiated area tested 100% greater po-
sitivity for the MMP-1 marker compared to the control area 
(without irradiation and without protection), demonstrating the 
effect of solar radiation in generating matrix metalloproteinase 1.

The SPF 90 sunscreen led to a 36.92% reduction in 
MMP-1 expression, demonstrating the partial efficacy of the 
combination of physical and chemical filters. Meanwhile, the 
investigational product led to a 70.90% reduction in MMP-1 
expression.

Comparing the products, the investigational product was 
53.88% more effective than the SPF 90 sunscreen without PLE 
in reducing MMP-1 expression, demonstrating greater capacity 
to protect the skin from the degenerative effects of solar radia-
tion on collagen, based on the presence of Polypodium leuco-
tomos extract.

Immunohistochemical assessment of tyrosinase 
expression (melanogenesis)

The enzyme tyrosinase participates in the melanogenesis 
cascade, transforming tyrosine into melanin at the end of the 
process.

Solar radiation is known to be capable of stimulating 
melanogenesis, with increased tyrosinase activity.  Meanwhile, 
sunscreens with anti-melanogenesis action should be capable of 
inhibiting tyrosinase activity, even partially.

Figure 10 shows the mean positive staining rates for tyro-
sinase antibody in areas protected with the investigational pro-
duct, with the SPF 90 sunscreen, unprotected and irradiated, 
and controls.

The results showed that exposure to solar radiation 
triggered a 26.06% increase in tyrosinase expression, demonstra-
ting a pigmenting effect from solar radiation, as expected.

Figure 7:  Mean CD1a-positive rates and ranges in areas: protected with the 
test product, protected with the SPF 90 sunscreen, unprotected irradiated, 

and control. n=10 

Figure 9:  Mean MMP-1 antibody rates and ranges in areas: protected 
with the test product, protected with the SPF 90 sunscreen, unprotected 

irradiated, and control. n=09
Figure 8:  Melanin stained green (tip of arrow), with MMP1 antibody stained 

brown (arrow)

A4 (non-irradiated)

A4 (non-irradiated)

A3 (unprotected, 
irradiated)

A3 (unprotected, 
irradiated)

A2(protected with 
SPF90 sunscreen)

A2(protected with 
SPF90 sunscreen)

A1 (protected with 
Heliocare MD90)

A1 (protected with 
Heliocare MD90)

CD1A

MMP-1
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Unexpectedly, the SPF 90 sunscreen led to a 2.95% in-
crease in tyrosinase, which demonstrates the lack of protective 
effect against pigmentation from the combination of physical 
and chemical filters. Meanwhile, the investigational product led 
to a 2.77%reduction in p53 expression.

We found the test product to be more effective in pro-
tecting against melanogenesis when compared to the SPF 90 
sunscreen without Polypodium leucotomos extract, although 
the difference between the groups was slight, only 5.55%.

DISCUSSION
Polypodium leucotomos extract is a known photopro-

tective agent with oral and/or topical use, based on its antio-
xidant and immunoprotective effects and protection of cellular 
DNA and against the collagen-degrading effect of solar radia-
tion.12 The scientific literature features numerous publications 
demonstrating its effect, based on in vitro and in vivo studies, 
particularly with its oral use.

As for the topical form, some studies have demonstrated 
PLE’s action, protecting keratinocyte DNA and Langerhans cells 
and the action in matrix metalloproteinases on collagen break-
down.13-16

The current study’s innovative aim was to demonstrate 
the topical action of Polypodium leucotomos extract in photo-
protection, in combination with physical and chemical filters in 
a finished formulation with SPF 90 sunscreen.

To distinguish the action of PLE itself, the study opted 
to make a comparison with the same formulation but without 
the PLE. Thus, the changes found in the products’ results (inves-
tigational versus comparator) would result exclusively from the 
presence of PLE in the formula.

The selected study model was clinical, in volunteers 
submitted to solar radiation through a solar simulator capable 
of emitting radiation in the UV, visible light, infrared ranges. 
Volunteers were exposed to increasing doses of solar radiation 
in a study model similar to that for the determination of SPF, 
including the premises of the internationally accepted method, 
namely ISO 24444: 2010.18

The colorimetric results were consistent, and as expec-
ted, they showed that solar radiation was capable of producing 
erythema and pigmentation. The use of a SPF 90 sunscreen suc-
ceeded in reducing the intensity of erythema and pigmentation, 
also as expected. When a sunscreen was used that contained both 
physical and chemical filters and Polypodium leucotomos extract 
in its formulation, the results in terms of reduction of erythe-
ma and pigmentation were even more evident, thus providing 
an unprecedented demonstration of the extract’s efficacy, when 
associated with physical and chemical filters, reducing the two 
main biological events involved in acute sun damage: erythema 
and pigmentation.

The results of the histological and immunohistochemi-
cal markers showed that in all the situations (DNA, immunosu-
ppression, breakdown of collagen and dermal elements due to 
MMP-1, and melanogenesis stimulation) the entire spectrum of 
solar radiation (ultraviolet A and B, visible light, and infrared) 
was capable of producing the biological effects. This finding sho-
ws the adequate selection of markers for the study.

When we protected the volunteers’ skin with SPF 90 
sunscreen without Polypodium leucotomos extract, we found 
that the physical and chemical filters were partially effective in 
protecting against DNA damage and damage to dermal structu-
res, but that they were not effective in protecting against immu-
nosuppression or melanogenesis. These findings may be explai-
ned by the role of long UVA radiation, visible light, and infrared 
in these effects, particularly in melanogenesis, not adequately 
protected by ultraviolet filters.

Finally, when assessing the response in the areas protec-
ted by the investigational product, a formulation containing a 
combination of physical and chemical filters and Polypodium 
leucotomos extract, we found this formulation to be effective in 
reducing all the histological markers, with superior results those 
in the area treated only with the combination of physical and 
chemical filters.

Table 2 provides a didactic demonstration of variations in 
the histopathological results that can be attributed to the set of 
UV filters, PLE, or the combination of the two.

As we can see, the most relevant data are seen in the 
comparison of the results in the investigational and comparator 
products. The differences found in the comparison result ex-
clusively from the presence of Polypodium leucotomos extract, 
since it was the only ingredient in the investigational product 
that was not present in the comparator product.

Analysis of the individual markers highlighted the pho-
toimmunoprotective effect (with a 51.18% proportional increase 
in Langerhans cells when compared to the SPF 90 sunscreen) 
and protection against damage to collagen structures, eviden-
ced by the 53.88% greater reduction from the investigational 
product when compared to the same formulation without PLE.

In relation to p53 and sunburn cells, markers of DNA 
damage, the investigational product showed a better response 
than the comparator SPF 90 sunscreen (20.18% and 13.08%, 
respectively).

Tirosinase

Figura 10:  Média e variação de positividade do anticorpo antitirosinase nas 
áreas protegida pelo área protegida pelo produto-teste, protegida pelo 

produto filtro solar FPS 90, irradiada não protegida e controle. n=10
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Finally, as for tyrosinase inhibition, the two products’ res-
ponses were virtually similar, with a slight variation in favor of 
the investigational product. This may be due to the less acute 
nature of the skin pigmentation process, which depends on suc-
cessive exposures to solar radiation, which was not the case in 

this study. The results demonstrate that Polypodium leucotomos 
extract was able to add several positive effects to the sunscreen 
formulation consisting only of ultraviolet filters, thus indicating 
the investigational ingredient’s photoprotective biological effect.

CONCLUSION
This pilot study succeeded in showing a positive ef-

fect from the combination of physical and chemical filters and 
Polypodium leucotomos extract in the reduction of clinical ef-
fects (erythema and pigmentation) and biological effects (DNA 
damage, collagen breakdown, and immunosuppression) resulting 
from exposure to solar radiation.

Although these data are preliminary, considering the 
small sample of volunteers, they indicate biological action by 
Polypodium leucotomos extract when added to the combina-
tion of physical and chemical filters, enhancing the filters’ effect 
and contributing to more complete, effective photoprotection.

Table 2: Summary of the results of assessments

Marker
Positive effect 
of physical and 
chemical filters

Positive effect 
of the combina-
tion of PLE and 

physical and 
chemical filters

% increase in 
effect due to 

presence of PLE 
in the formu-

lation

Sunburn cells 53,74% 59,79% 13,08%

P53 69,10% 75,34% 20,18%

CD1-a
-12,02% 

(negative effect)
33,01% 51,18%

MMP-1 36,92% 70,90% 53,88%

Tyrosinase 
antibody

-2,95% 
(negative effect)

2,77% 5,55%
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